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Radiation Therapy — X-ray

» Today’s mainstream, very successful.

* Varian Co. alone, shipping 2-3 new units per day. More than 5,000
units installed in hospitals around the world,

* Treating several millions patients every year.

2. X-Ray Machines
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Radiation Therapy — Hadrons

* Robert Wilson’s seminal paper in 1946 created this field.

» There are about two dozen hadron therapy centers around the
world today.

» Have treated a total of ~50,000 patients in the past decades.
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Loma Linda — First Hospital-based
Hadron Therapy Center
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Can Laser be used for Proton Acceleration?

!' Proton beam source
Laser transm|tter \ PET

\

Patient




Implications on the beam energy
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Beam Requirement for Therapy

« Total dose for killing a cancer: 70 Gy (0.07 J for 1 g tissue)

« Assuming 35 fractions: 2 Gy per fraction (0.002 J for 1 g tissue)

« Energy of a 100 MeV proton: 100 x 1.6 x 1013 =1.6 x 1011 J

« Number of protons per treatment: ~108

« Assuming 100 seconds irradiation at 10 Hz: ~10° protons per pulse

« Assuming an efficiency of 10+ and a cancer of 1 kg: ~10%2 protons per pulse
* Energy spread: AE/E < 2%

« Beam transverse size: 50 — 200 um

* Note: According to a physician (Richard Levy, Loma Linda), the only thing that
matters is the dose. Either CW beam or pulsed beam of the same dose give the
same clinical results.
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Target Normal Sheath Acceleration

ml_inear polarized laser irradiates the high
density foil, plasma was heating efficiently.

= Hot electrons go away
qguickly, acceleration
length is short (~1pum).

= The Maximum energy got

In experiment is about 60
MeV.

= 100% energy spread —




VOLUME 85, NUMBER 14 PHYSICAL REVIEW LETTERS 2 OcTOBER 2000

Intense High-Energy Proton Beams from Petawatt-Laser Irradiation of Solids
R.A. Snavely,'? M. H. Key.! S.P. Hatchett,! T.E. Cowan,! M. Roth,** T.W. Phillips,! M. A. Stayer,! E. A. Henry,!

T.C. Sangster,) M. S. Singh,! 5.C. Wilks,! A. MacKinnon,! A. Offenberger** D.M. Pennington,! K. Yasuike,”*#
A.B. Langdon,! B.F. Lasinski,! J. Johnson,® M. D. Perry,! and E. M. Campbell!

Proton Spectra
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FIG. 3. (top) Proton energy spectrum deduced from radio-
chromic film images for a 423 J shot at normal incidence on
100 gm CH. {bottom) Spectrum of proton energy recorded on
film with a magnetic deflection spectrometer. Plots show the
spectrum on axis and from another shot at 45°. The detector is
saturated above the cutoff region.



Present-day status of laser-
accelerated protons maximum energy

R R B R B R R R B R R R RN AR RGO
/47
1000 N

I I I LI II| ,_',m|'|""'--'-|. | | LI
._.,__-‘_‘-l- '

® 5e18 —-3e19

T TTITIT
L 1 1111

N
~ e -
1 005\/ Nov_a..PW""d"F } targets 5-20 um Al
F N - ORAL Pw
N '\Q ~LuLl

d' saka

Tokyo . MPQ

’(\;
(7
&

ASTRg.— ’\6\ -

N A 7~ e

Maximum proton
energy (MeV)
o

A

Lol il gg Lol
UEJINA VY

—
| II‘I\IIIIl L I‘~[IIII|

_/\\

Model hyp. =
20 pm thick targets/
10 pm focal spot

- L

K
Tlaser (pS)

_O_\.
o
—_

10



W. Chou

Challenges

« Low efficiency. Need super laser peak power.
* Limited maximum beam energy.
« Large beam energy spread.

Possible Solutions / Ideas

* Use thin target.

» Use circularly polarized laser.

» Use specially fabricated target.

« Use water droplet.

» Use gas jet.

 (Get smart people to work on it.

Fermilab meeting, Nov 12, 2009
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Thick Target (TNSA)
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week ending

PRL 103, 165002 (2009) PHYSICAL REVIEW LETTERS 16 OCTOBER 2009

Energy Increase in Multi-MeV Ion Acceleration in the Interaction of a Short Pulse Laser
with a Cluster-Gas Target

Y. Fukuda.' A.Ya. Facnov,' M. Tampo,1 T.A. Pikuz.' T. Nakamura.' M. Kando,' Y. Hayas;hi,1 A. Yogo,1 H. Sakaki.’

T. Kameshima,' A. S. Pirozhkov," K. Ogura,' M. Mori,' T.Zh. Esirkepov,' J. Koga,' A.S. Boldarev,” V. A. Gasilov,”
A.1. Magunov,” T. Yamauchi,* R. Kodama,” P.R. Bolton,' Y. Kato,' T. Tajima,' H. Daido," and S. V. Bulanov'~

(a) Cluster-gas target
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Experiment Setup

* Need a high peak power laser
 Need a moving target
* Need detector

week ending

PRL 103, 045002 (2009) PHYSICAL REVIEW LETTERS 24 JULY 2009

Enhanced Laser-Driven Ion Acceleration in the Relativistic Transparency Regime

A. chig,l‘z‘* D. Kiefer."” K. Markcy,?' D.C. Gautier.* K. A. Flippo,4 S. Lclzring,4 R.P. Johnson.* T. Shimada.* L. Yin.*
B.J. Albright,” K.J. Bowers," J. C. Fernandez,* S. G. Rykovanov,'” H.-C. Wu,' M. Zepf,” D. Jung,"”
V. Kh. Licchu:ns;u:in,‘c"2 J. Schrcibcr,]‘z‘7 D. Habs,l‘2 and B. M. Hcgclich2~4
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FIG. 1 (color). Experimental setup at TRIDENT (a) and a
characteristic image of the proton beam profile at 20 MeV energy 14
as obtained from a 50 nm DLC target (b).



REVIEW OF SCIENTIFIC INSTRUMENTS 80, 053302

(2009)

lon spectrometer composed of time-of-flight and Thomson parabola
spectrometers for simultaneous characterization of laser-driven ions

. WChoHa‘c M. Klm J. H. Sung, T. J. Yu S. K. Lee | J. Kim Y.-Y. Jin,’
T. M. Jeong, N. Hafz K H. Pae,’ Y -C. Noh," D. K Ko, A Yogo,? A S. Pwozhkov

K. Ogura,® S. Orlmo A. Saglsaka M. N|sh|uch| |. Daito,? Y O|sh| Y. lwashita,*
S. Nakamura,*® K. Nemoto A. Noda,* H. Daldo and J. Lee
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FIG. 1. (Color online) (a) Schematic diagram of the composite ion spectrometer composed of a TOFS and a TPS. (b) Detailed configuration of the TOFS and

the TPS. Emission intensities at “a” and “b” on the plastic scintillator are imaged by a lens into “a™ and “b’” on the PMT, respectively.
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Thin tape target driver for laser ion accelerator
Takuya Nayuki,? Yuji Oishi, Takashi Fujii, and Koshichi Nemoto

Central Research Institute of Electric Power Industry, 2-11-1, Iwado-kita, Komae-shi,
Tokyo 201-8511, Japan

Tsutomu Kayoiji
Department of Energy Sciences, Interdisciplinary Graduate School of Science and Engineering,
Tokvo Institute of Technology, 4259, Nagatsuta-cho, Midori-ku, Yokohama 226-8502, Japan

Yasuaki Okano, Yoichiro Hironaka, Kazutaka G. Nakamura, and Ken-ichi Kondo
Materials and Structures Laboratory, Tokvo Institute of Technology, 4259, Nagatsuta-cho, Midori-ku,
Yokohama 226-8503, Japan

Ken-ichi Ueda
Institute for Laser Science, University of Electro-Communications, 1-5-1 Chofiigaoka, Chofu-shi,
Tokvo 182-8585, Japan
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FIG. 1. Schematic diagram of thin tape driver.



ICFA-ICUIL Joint Task Force
For Laser Acceleration

» ICFA = International Committee for Future Accelerators
» ICUIL = International Committee for Ultra Intense Lasers

= August 19, 2009 ICFA meeting approved the formation of a
joint task force

= Mission:

“To promote and encourage international collaboration between
accelerator and laser communities for future applications of particle
acceleration.”

= Applications under consideration:

> Laser acceleration of electrons for future TeV colliders (e.g. BELLA at
LBL, FACET at SLAC)

> Laser acceleration of protons and ions for future radiation therapy
» Other applications
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